Introduction
autistic disorder associated with anxiety and/or aggression. 12, 13 This led us to consider the serotonin Autistic disorder is characterized by qualitative transporter as a primary candidate gene in autistic disimpairments in reciprocal social interaction and comorder. munication, in addition to restricted and repetitive Two polymorphisms have been reported for the serobehaviors. 1 The population prevalence of autistic distonin transporter gene, a variable number tandem order has been estimated between 5-10 per 10 000. 2 repeat (VNTR) in the second intron 14 and a Estimates of the risk of sibling recurrence are much deletion/insertion polymorphism in the promoter higher at 4.5% 3 to 8.9%, 4 resulting in a relative sibling which regulates expression of the 5-HT transporter in recurrence risk of 45-178. Twin studies have demontransfection assays and lymphoblastoid cell lines. 15, 16 strated increased concordance in monozygotic twins We examined possible linkage and linkage disequilibrelative to dizygotic twins. 5 The large decrease in risk rium between autistic disorder and the serotonin transto dizygotic twins relative to monozygotic twins 6 and porter using the transmission/disequilibrium test a latent class analysis 7 are consistent with several loci (TDT). 17, 18 contributing to susceptibility to autistic disorder. Serotonin (5-HT) has been studied in autistic disorder since the finding in 1961 of increased whole Materials and methods blood 5-HT in the blood of children with autistic disSubjects order. 8 A series of studies has replicated and extended Consecutive subjects seen at the Autism and Brain this finding. 9 Whole blood 5-HT has been demonResearch Laboratory, Children's Hospital Research strated to be positively correlated with serotonin Center, La Jolla, CA between July 1990 and March 1993 uptake V max in both vervet monkeys 10 Eighty-six trios, consisting of a proband with autistic fied using a Perkin Elmer GeneAmp PCR System 9600, through 40 cycles consisting of 30 s at 95°C, 30 s at disorder and both parents were included in the study. Age of probands ranged from 2.5 to 36 years (mean 8.5, 61°C, and 1 min at 71°C, followed by 10 min at 72°C. PCR products were separated on 2% agarose as above. standard deviation 7.6). Eighty subjects were male and six were female. Sixty-eight subjects were Caucasian,
In the cases where fragments were not visible on agarose after 40 cycles of PCR with the 5-HTTp2A/B five were African-American, three were HispanicAmerican, and ten were Asian-American.
primer set, 50-55 cycles of PCR with AmpliTaq Gold, a heat-activated DNA polymerase (Perkin Elmer), and 2.5 mM MgCl 2 were performed with an initial acti-HTT 2nd intron VNTR analysis DNA was extracted from whole blood using the Pure vation step of 12 min at 95°C. Gene DNA Isolation Kit (Gentra Systems, Minneapolis, MN, USA). Primers HTT2X (5Ј-
Data analysis
The transmission/disequilibrium test was applied to TGGATTTCCTTCTCTCAGTGATTGG-3Ј) and HTT2Y (5Ј-TCATGTTCCTAGTCTTACGCCAGTG-3Ј) amplified each of the two HTT loci to test for linkage and linkage disequilibrium. 17, 18 In further analyses, we considered 345-bp (9 copy), 360-bp (10 copy), or 390-bp fragments containing the HTT 2nd intron variant. The primers a haplotype of the HTT promoter variant and the HTT second intron VNTR loci. In constructing the haplowere synthesized on an Applied Biosystems 380B DNA synthesizer at the Cancer Research Center at the Unitypes, we considered the probability of recombination to be negligible due to the close proximity of the markversity of Chicago. PCR was performed in a 75-l volume containing approximately 400 ng of genomic temers (Х 15 kb). Norwalk, CT, USA), 2 mM MgCl 2 , 10 mM Tris-HCl, 50 mM KCl, and 0.001% gelatin. Samples were ampliAll trios were completely genotyped at the two HTT polymorphisms. Preliminary TDT analysis with 86 fied in a GeneAmp PCR System 9600 (Perkin Elmer), beginning with an initial step of 2 min at 95°C, foltrios of the planned 350 families revealed no evidence for linkage or linkage disequilibrium between autistic lowed by 40 cycles of 15 s at 95°C, 30 s at 57°C, and 60 s at 72°C, followed by a 10-min final extension at disorder and the VNTR in the second intron of HTT (TDT 2 = 4.25, 2 d.f., P = 0.119). However, preferential 72°C. PCR product (75 l) was concentrated to 10 l by vacuum centrifugation (SpeedVac; Savant, Holbrook, transmission of the short variant of the HTT promoter was found (TDT 2 = 4.69, 1 d.f., P = 0.030). NY, USA). Eight microliters of concentrated PCR product were mixed with 3 l of Sigma loading buffer. Ten
We then applied a TDT to the resulting haplotypes, considering the haplotypes as alleles in a multiallelic microliters of that mixture were separated at room temperature on 2% agarose (Perkin Elmer) gels containing TDT. Results confirmed the significance of the effect of this region (TDT 2 = 11.85, 4 d.f., P = 0.018). Trans-0.5 g ml −1 ethidium bromide in TBE buffer (89 mM Tris, 89 mM borate, 2 mM EDTA buffer, pH 8.0). Each mission data for alleles and haplotypes are presented in Table 1 from heterozygous parents only. gel contained two lanes of a 100-bp ladder (Gibco BRL, Gaithersburg, MD, USA). In the cases where fragments were not visible on agarose after 40 cycles of PCR, a Discussion fluorescently-labeled primer (Applied Biosystems) was used to amplify PCR products which were sized after Preliminary analysis of two serotonin transporter genetic markers revealed evidence of linkage between injection on an ABI Prism 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).
haplotypes of the two markers and autistic disorder. Individually, the short variant of the HTT promoter variant was found to be preferentially transmitted. The HTT promoter variant analysis Two different primer sets were used to amplify the short variant of the HTT promoter variant has recently been reported to be a quantitative trait locus for anxiregion containing the HTT promoter variant. The first set (stpr5, 5Ј-GGCGTTGCCGCTCTGAATTGC-3Ј, and ety. 16 Anxiety is often a prominent component of autistic disorder and anxiety disorders have been found to stpr3, 5Ј-GAGGGACTGAGCTGGACAACCCAC-3Ј) 15 to collect a separate replication sample. More In summary, the short variant at the serotonin transporter promoter locus was found to be preferentially which act additively or in a multiplicative manner. In addition, study of the relationship of genotypes at the serotonin transporter locus to response to potent serotonin transporter inhibitors may be feasible. Replication of this preliminary finding of linkage between be increased in relatives of probands with autistic disorder. 22, 23 the serotonin transporter locus and autistic disorder may be performed in other samples with a single affecOne would not have predicted the short variant to be preferentially transmitted based on the limited data ted child and both parents or in the several relatively large samples of affected sibling pairs. connecting hyperserotonemia and increased platelet serotonin transporter function, since the HTT promoter short variant was associated with reduced expression Acknowledgements in transfected cell lines 15 and in lymphoblastoid cell lines. 16 must be considered very preliminary. We are continu-5 Bailey A, Le Couteur A, Gottesman I, Bolton P, Simonoff E, Yuzda E, Rutter M. Autism as a strongly genetic dising to collect subjects in this study and beginning
